abstract Despite 50 years of pharmacological and psychosocial interventions schizophrenia remains one of the leading causes of disability. The inability to function in everyday settings includes deficits in performance of social, occupational, and independent living activities. Schizophrenia is also a life-shortening illness, caused mainly by poor physical health and its complications. Dysfunctional lifestyles including sedentary behavior and lack of physical activity prevail, while treatment with adipogenic antipsychotic medication interacts with poor performance in screening, monitoring, and intervention that result in shortening of life expectancies by 25-30 years. Disability interferes with self-care and medical care, further worsening physical health to produce a vicious cycle of disability. Further, the neurobiological impact of obesity on brain functioning is substantial and relevant to schizophrenia. Decision making deficits that lead to choices resulting in obesity themselves have neurobiological determinants. Simultaneous treatment of cognitive deficits and related deficits in functional skills, ubiquitous determinants of everyday functioning in schizophrenia, and targeted interventions aimed at poor physical health, especially obesity and associated comorbidities, may lead to additive or even interactive gains in everyday functioning in patients with schizophrenia not previously realized with other interventions.
introduction
In the past 20 years, there has been a burst of interest in disability in schizophrenia and its determinants. Research on the causes of disability has focused on the influence of neuropsychological (NP) deficits, now identified as core features of schizophrenia [1, 2] . Multiple studies in different samples consistently suggest that NP deficits, in conjunction with clinical symptoms and immutable environmental influences (i.e., race), are responsible, at least correlationally, for a substantial proportion of everyday disability in people with schizophrenia [3, 4] . Despite multiple attempts at treating these deficits, with variable success, along with typically successful pharmacological treatment of symptoms, meaningful reductions in disability have remained elusive.
Impairments in some NP domains can be detected before psychosis becomes manifest and disruptive positive and negative symptoms emerge [5] . The developmental achievement of typical milestones is less common in those with schizophrenia than in the healthy population; perhaps because NP deficits disrupt skills acquisition early on and many functional skills themselves (i.e., social, vocational, and independent living skills) are performed at lower levels over the course of the lifespan [6] . While individual NP ability domains (e.g., learning, attention, executive functioning) have small to moderate correlations with global indices of disability in schizophrenia, composite scores manifest a generally moderate to large correlation with disability, amounting to approximately 50% of the overall variability in disability observed. There is little evidence that specific cognitive deficits predict specific functional deficits, possibly because "specific" cognitive deficits measured with neuropsychological tests are themselves quite multifactorial. The severity and pattern of NP deficits varies across patients, but once fully established, they tend to remain relatively stable within patients over time, independent of changes in clinical status.
A recent development has been the increased appreciation of the role of the ability to perform the critical functional skills that underlie everyday functioning, referred to as "functional capacity". Performance on tests of functional capacity (FC) is related to NP performance and appears to be, like NP performance, largely independent of other features of illness such as clinical symptoms [7] . Some evidence suggests that FC may be more proximal to functional deficits that NP performance, suggesting that the influence of cognitive deficits on disability may be mediated through influences on the ability to perform functional skills. In addition, in a recent study, we demonstrated that FC and NP performance responded to different interventions, suggesting that despite their correlation in naturalistic studies, these may be subtly different domains of functioning requiring separate interventions in order to improve functioning [8] . We will return to this issue later for a specific discussion of the interaction between cognitive limitations and the specific skills that are required to succeed in health management activities, including food preparation and planning.
The neurobiology of cognitive impairments has been studied in more detail than that of functional capacity. As recently reviewed to patients who did not receive cognitive remediation. It is critical to point out, as did commentators on both our study and the Vinogradov studies [10] that patients improved, and while some improved more substantially than others, they were not recovered. These treatments also worked fairly rapidly -12 weeks in our study -particularly when the lifelong nature of schizophrenia is considered. The bottom line, however, is that these treatments are currently not adequate to promote recovery on their own or for the majority of cases. [11] , just like in people without mental illness [12, 13] . Poor physical health serves to shorten progressively dysfunctional lives of our patients, feeding a vicious cycle of morbidity, disability and premature death. [15, 16] . Dyslipidemia, insulin resistance, and hyperglycaemia are all more common in schizophrenia [17] , often present early in treatment [18] , with similarly increased prevalence of cardiovascular disease (CVD), type 2 diabetes mellitus (T2DM), hypertension (HTN) [19] , and metabolic syndrome [20] . The reasons for excess body weight and attendant medical comorbidities are manifold, extending beyond potential genetic vulnerability [21] , with further risk from low rates of medical screening, monitoring, and intervention observed in various health care systems [22, 23] .
Despite the scope of the problem, there has been limited understanding of how NP and FC deficits interfere with physical health in schizophrenia and how to intervene effectively, taking into account the potentially intertwined nature these deficits and physical health.
Assuming an ecological perspective, patients with schizophrenia lead unhealthy lifestyles that include poor diets, little exercise, sedentary behavior, and high rates of smoking [24] [25] [26] . Antipsychotic medication, often chronically prescribed, can add deleterious adipogenic and cardiometabolic risks [27] .
Poor dietary quality is common among low socioeconomic status (SES) groups [28] including those with schizophrenia [29] . Fruit and vegetable intake is uncommon [30] . That and the consumption of highly processed energy-dense food, characteristic in low SES groups, foster obesity [31] . Moreover, these calorie-dense, highly palatable foods are readily available in industrialized societies; and they are usually amongst the most affordable and accessible food choices, requiring little effort in procurement and preparation. Palatability and energy density of food are closely related with human food preferences [32] . Patients with schizophrenia appear especially vulnerable to this environment, as they consume more food than mentally healthy population comparisons, and their food choices are poorer still [26] . In addition, very few patients follow a regular physical exercise routine [33, 34] , and amongst those who do, erroneous assumptions about the constitution of healthy and goal-directed 'exercise' prevail [35] . At the same time, sedentary behavior, perhaps complicated by anhedonia and other interfering negative symptoms or by sedative effects of psychotropic medication, is widespread [36] [37] [38] .
np-and decision making deficits worsen obesity
As There are substantial and consistent data that specifically address the translation of cognitive impairments into the critical deficits into eating-related activities. For instance, the most widely used performance-based measure of functional capacityemployed for assessment of people with schizophrenia, the UCSD Performance-Based skills assessment (UPSA) directly tests the ability to plan for meal preparation [42] . A detailed scenario involving planning a shopping trip and identifying food items required for preparing a specified menu is presented and the ability to meet these goals is measured. This subscale is highly related to total scores on the UPSA and is highly reliable.
Patients with lower scores on this subscale, like the rest of the UPSA, have been shown to be significantly more likely to have generalized deficits in their everyday living skills.
A study performed by Semkovska et al. There are other features of schizophrenia that contribute to food preferences and decisions.
Anhedonia and poor dietary choices, for example, frequently co-occur in schizophrenia [49] . Affective and cognitive information can be poorly integrated as noted above, which impairs the ability to assign preference values, especially in absence of immediate reinforcement [50] . Major hedonic 'hotspots' , mediated by DA projections, are located in the nucleus accumbens shell, the ventral tegmental area, and amygdala [51] . PFC regions involved in reward processing that are frequently disrupted in schizophrenia are the anterior cingulate (ACC) and OFC, with the latter an important integrator for sensory information, emotional processing and hedonic experience [52] . Thus, choice of high-taste, high energy foods may be the result of elevated hedonic thresholds requiring high levels of stimulation in order to achieve salience [53] . has independently been associated with reduced cognitive performance [62] , related to changes in brain structure and function [63] , and reduced decision making capacity [64] . Sequelae of chronic hyperlipidemia and poor glycaemic control, and of manifest hypertension and diabetes, likely contribute to, and cause deficits across a variety of cognitive domains [65, 66] including attention, processing speed, memory, and executive functioning [67, 68] . Overweight and obesity significantly reduce regional cerebral blood flow, specifically to the prefrontal cortex, negatively impacting behaviors associated with the PFC [69] ;
supported by other studies that report reduced activity in the PFC, lower gray matter volume in the frontal gyrus [70] , and the left OFC [71] . and may be difficult to detect in schizophrenia.
Still, preliminary evidence suggests that obesity and hypertension worsen cognitive performance not only in the mentally healthy, but also in patients with schizophrenia [85] .
In that study, we found that hypertension 
Clinical implications
The US public health service and practice guidelines from the American Diabetes
Association and the National Heart, Lung, and
Blood Institute (NHLBI) [87] by PFC performance [95] . That is, physical activity builds the cognitive resources, namely 'topdown' control, necessary to block high salience impulsive actions (e.g., highly palatable food) that may lead to overeating and weight gain. As such, physical activity is a 'gateway behavior' that may induce people to improve their diets over time [92] . Concurrent with these findings in healthy adults, patients with schizophrenia show similar benefits derived from physical exercise [96] , including hippocampal plasticity [97] . 
